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© A predictive electronic thermometer which comprises a temperature-sensitive display, a predictive arithmetic 
unit and a time measuring unit. The predictive arithmetic unit finds a correction value according to a prediction 
function that is selected and predicts the final temperature based thereupon. When the temperature rise is 
unstable and the temperature rises in excess of a range covered by the prediction function, the prediction 
judging unit judges that the prediction is impossible and discontinues the prediction. In such a case, the 
thermometer displays the temperature that is sensed in reality. 
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ELECTRONIC CLINICAL THERMOMETER 

BACKGROUND OF THE INVENTION 
1. Related U.S. Patent Applications 

5 

£Lf iT ^SfST direCt,y ° r lndreCt,y related t0 the sub ' ect ^Plication are the following: 
Patent No.: 4,541 734, .ssued September 17, 1985 by Hideo Ishizaka, entitled Electronic Clinical 
Thermometer, and Method of Measuring Body Temperature- 

10 and Snd N n°f : Jf 2 '°° a ^ Ma y 27 ' 1986 b V Hideo Ishizaka, entitled Electronic Clinical Thermometer, 
10 and Method of Measuring Body Temperature; 

and Shl^M' 574 ' 359 p S !I J ^ MarCh 4 ' 1986 bV Hide ° ,Shi2aka ' entitled E,ectro " ic C «^al Thermometer 
and Method of Measuring Body Temperature- and '«■«•«»«», 

andme'm'od^M 48,663, * 1985 by HU " lshi2aka " entit,ed Electronic Clinical Thermometer 

and method of Measuring Body Temperature. ■••uitwioi. 

»B Serial No, 021,775. filed March 4, 1987 by Yutaka Muramoto, entitled Electronic Clinical Thermometer. 
2. Field of the Invention 

This invention relates to an electronic clinical thermometer and. more particularly, to a predictina-tvoe 
electronic ctanl thermometer in which a displayed temperature readin , rapidly attls STSSSJE 
temperature even before temperature is sensed in real time.3. Description tf ft. Prior Art ' 

The advantage of an electronic clinical thermometer which predicts temperature that will be attained at 

SUMMARY OF THE INVENTION 

The present invention is presented to solve the drawbacks of the prior art and an nhi«rt „f 

th.™?" 9 t0 ? re$ent inVenti ° n ' the fore90in 9 ob ' ects ™ attain ed by providing an electronic clinical 
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Other features and advantages of the present invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, in which like reference characters designate the 
same or similar parts throughout the figures thereof. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating the basic construction of an electronic clinical thermometer 
according to the present invention; 
10 Fig. 2 is a block diagram illustrating, in some detail, the construction of the electronic clinical 
thermometer of Fig. 1 according to an embodiment of the present invention; 

Fig. 3 is a front view of a display unit; 

Fig. 4 and 5 are flowcharts indicating a process through which temperature is predicted at thermal 
equilibrium in an armpit of a subject; 
rs Fig. 6 is a graph illustrating a corrective temperature differential curve according to an embodiment of 
the invention; 

Fig. 7 is a graph illustrating a predicted temperature transition; 

Fig. 8 is a graph indicating weighting set for an electronic clinical thermometer used in an armpit; 

Fig. 9 is a graph indicating weighting set for an electronic clinical thermometer used orally; 
20 Fig.10 is a graph useful in describing the transition of a predicted display temperature from the start of 
measurement in an armpit; 

Rg.11 is a block diagram illustrating the electronic clinical thermometer in a case where the thermom- 
eter comprises a microcomputer. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference will now be had to the block diagram of Fig. 1 showing the basic construction of an 
electronic clinical thermometer according to the present invention. The electronic clinical thermometer 

30 basically constructed by a temperature measurment unit 1, which detects the temperature of the region 
where the measurement is performed and produces temperature signals prediction operation unit 2 which 
normally performs a prediction operation for obtaining the equilibrium temperature and in time produces a 
temperature detected signal when a predetermined situation is detected by the unit 2 and a display unit 3 
which displays the temperature data. 

35 The temperature measuring unit 1 is constituted by circuitry having a temperature responsive element 
such as a thermistor for real-time temperature measurement of a part of the human body. 

The arithmetic unit 2 is composed of circuitry for predicting the temperature at thermal equilibrium. For 
this purpose it monitors, substantially continuously, a detected signal 11 produced by the temperature 
. measuring unit 1. At first, the unit 2 determines conditions for starting prediction, and subsequently predicts 

40 the temperature to be attained at thermal equilibrium constantly at short time intervals using the latest 
information, such as time signal obtained from an internally provided elapsed time measurement function, 
as well as signal 11 continuously provided by the temperature measurement unit 1, continuously evaluating 
the suitability of the prediction and concurrently executing weighting processing so that the displayed value 
of predicted temperature will show a smooth transition. The unit 2 delivers a resulting prediction signal 12 to 

45 the display unit 3 substantially continuously until thermal equilibrium is attained. The above mentioned 
prediction operation is suspended when a decision is made that the temperature signal is not be applicable 
for the prediction, and instead, the temperature signal is delivered to the display unit 3. 

The display unit 3 displays a predicted equilibruim temperature or detected temperature. Also, the 
display unit 3 also provides a function informing the user which measurement mode is in operation. 

so Fig. 2 is a block diagram illustrating in some detail the construction of an embodiment of an electronic 
clinical thermometer according to the present invention. In Fig. 2. like reference numerals denote like or 
corresponding parts in the electronic clinical thermometer of Rg. 1. It should be noted that the figure is a 
functional block diagram which shows functions which are performed by the stored program fixed in a ROM 
of a microcomputer. By reading the description thereof given hereinafter, those skilled in the art will be 

55 capable of readily understanding the invention to a degree necessary for working the same. 

The temperature measuring unit 1 comprises a temperature responsive element 4 such as a thermistor, 
and a temperature measuring circuit 5. The latter, which receives an electric signal 13 indicative of sensed 
body temperature received from the temperature responsive element 4, samples and converts the signal 13 
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into digital output signals 14, 15 indicative of real-time temperature 

9 corrective value computing circuit 8 with a control signal 22 when 

sTna T^v c.nTT 9n ?° nditi0nS " SatiSfied The fime measuri "9 oircuft 6 responTto the d c 
» tin?, 9 e ' aPSed ^ *• ° f m9aSUrement - • S indite of "e 

obtLn^the correc^Z^e d^TTa ^ToC^e S 1 J"*" * 
parameters which influence the corrective temperature Ser«nLi ^!l f °" ' ndUdeS Several 

of measurement, for example when TZm^V^ZZT P aramete « are set at the initiation 
20 to the comoutino circuit ft J UTA 9 ? m ,he measura ment control circuit is first applied 

with JSS time Sbe ZZl^l n r IUeS - ** d8fined SUCh that 3 ^-tumrise 

advance by an acuT measurement As I h*? TZT" Wh '' Ch iS 0btained statistical| y in 

time, as shown in P^Ccn^^^T^.* 1 * * ' fUnCt, '° n ° f elaPSed mea ~"t 
30 predicted temperature. * ^" 9 *" d ' SP,ay COrr9Ctive value si 9 nal 23 «<* «» display of 

temperature differential u»fcr %£L V?^*™ T(t) and ^ 

ture signal 14 and the ^£^J£?Z^ ^dmg crcu.t 9 also adds the real-time tempera- 

(t P ) 21. which is the JTiTSS S^SSSH L P SLT disp,ay temperature si9nal 

temperature T(t). wrrecave value (W(t) U(t) for display purposes and the real-time 

10 outputs the negative 

temperature is outside these limte «^olS . h21 ^ aanputmg crcuit 8 when the predicted 
activating the temperature ^£^1^^?*? * * ** ""P^ 9 M 8 ,or 
temperature monitoring circuit mZ ^hS^EE? \ » H ** MiS ' ^ P redicted 

signal 14 is applicable to perform to^ST' 9 « ° U,Ve 0f the rea, " time temperature 

curve is not appropriate,* SntcTpoint^S STSJS^T ^TT " ^ ** 
^changed to the predict mode ^'^^ 

output signal 15 of the temperature iJ^c^iSS T'T '* rea '- time tem ^ure. The 
measuring circuit 6 when pJSS3S ITSE? <PP ^ ** ** ^ 16 t0 the " me 
certain temperature has been exceeT I at m temn-L f 6 * Whe " ,he Si9 " al indicates tha » a 
electronic clinical thermometer w?b™l, i£ " P J" 9 * ' n 6XCeSS ° f a ^ valu * «« is. the 

the control circuit 7 appJeste meaSUrement "*». At the same time, 

an instruction to begin 9 22 t0 816 COrrect,ve va,ue luting circuit 8. thereby giving 

this value being the dWen^LZeeHS ^V* 6 ^ 1 for « nal ^^ture. 

e«rium. ^ si9nal 18 indicative TS^SS^ 
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above, the corrective temperature differential is incorporated in the corrective value computing circuit 8 as a 
function solely of elapsed time t including several parameters which influence the corrective temperature 
differential. 

These parameters are reset at the initiation of measurement, for example when the control signal 22 from 

5 the measurement control circuit is first applied to the corrective value computing circuit 8 (the signal 22 
being applied at the same time that the clock signal 16 is applied to the measurement control circuit 6), so 
as to take on a values which define a specific temperature change. The corrective value computing circuit 8 
computes the corrective temperature differential as soon as the elapsed time signal 17 arrives, and delivers 
the corrective value signal 18 to the adding circuit 9. 

to The adding circuit 9 receives and takes the sum of the real-time temperature signal and the corrective 
value signal 18, producing the predicted temperature signal 19 which is the sum of the corrective 
temperature differential and real-time temperature. The signal 19 is applied as an input to the predicted 
temperature monitoring circuit 10, which monitors the predicted temperature constantly. When the predicted 
temperature is constant for a certain period of time, the monitoring circuit 10 regards the results of the 

75 corrective temperature value computation performed by the computing circuit 8 as being appropriate. In 
other words, when the predicted temperature is determined to be constant for a certain time period, the 
monitoring circuit 10 decides that the selection of the computation process, function and parameter applied 
in the computation of the corrective temperature value are appropriate. When such is the case, the display 
control signal 24 is delivered to the corrective value computing circuit 8 and the predicted display 

20 temperature signal 21 is produced and applied to the display unit 3. When the predicted temperature falls 
outside, say. a fixed range of temperature variation within a predetermined period of time, the monitoring 
circuit 10 applies the negative feedback control signal 20 to the corrective value computing circuit 8. The 
latter responds by implementing the abovementioned second function thereof, namely by altering the 
parameters which influence the corrective temperature differential. Thus, the corrective value computing 

as circuit 8 recomputes the corrective temperature differential, conforming to the elapsed time signal. 17, based 
on the altered parameters. The corrective signal 18, which is the result of this computation, is again applied 
to the adding circuit 9, the latter producing the predicted temperature signal 19 which is monitored by the 
predicted temperature monitoring circuit 10. 

The predicted temperature monitoring circuit 10 repeats the foregoing process, with the result being 

30 that the weighted predicted temperature is displayed by the display unit 3. 

The foregoing series of process steps, namely the computation of the corrective temperature differential by 
the computing circuit 8, the addition operation performed by the adding circuit 9 the monitoring of the 
predicted temperature by the monitoring circuit 10, the negative feedback applied from the monitoring 
circuit 10 to the computing circuit 8, and the weighting processing executed when the display is made, are 

35 performed in a short period of time, and the predicted temperature displayed on the display circuit 3 is 
presented substantially continuously and makes a smooth transition. 

Fig. 3 is a front view of the display unit 3 which shows a display screen surface, in which 31 denotes a 
display screen made of LCD. A symbol 32 or 33 is displayed on the LCD screen for incicating that the 
displayed temperature is the predicted equilibrium temperature or actual detected temperature. Here the 

40 symbol 32 is a sign for the predicted equilibrium temperature and the symbol 33 is for the sign of the 
detected actual temperature. These symbols are provided for giving information on the measurement state- 
(mode) to users; however, please note that the symbols are not limited to the examples for discriminating 
the measurement mode. It is possible to adopt a blinking symblos or to invert black and white on the LCD 
screen. 

45 Next will be described the process through which temperature reached on attainment of thermal 
equilibrium is predicted with the embodiment of Fig. 2. For the discussion, reference will be had to the 
flowchart of Fig. 4 and 5 and the corrective temperature differential curves illustrated in Fig. 6. 

The first item requiring discussion is the corrective temperature differential, represented by U. In 
measuring body temperature, the time until the attainment of thermal equilibrium differs widely depending 

so upon the thermal characteristics of the clinical thermometer, the state of the part of the body where the 
temperture is sensed, and the part itself. If the thermal characteristics of the clinical thermometer are 
limited, however, then the various temperature change patterns can be classified into a number of 
categories. In other words, placing a limitation upon the thermal characteristics will make it possible to 
define a number of temperature change patterns. Two major categories of temperature change are those 

55 resulting from, say, measurement orally and measurement by placement of the thermometer in an armpit. 
Several other categories may also be conceived, such as temperature change patterns exhibited by adults 
and children, but these are not particularly useful. Let us consider measurement of body temperature 
sensed in an armpit. With regard to oral measurement, it may be conceived in the same manner with the 

5 
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exception that sets of parameters are different from those for an armpit. 

It is known from measurement of armpit temperature for a wide variety of cases that approximately ten 
minutes is required for attainment of thermal equilibrium. Let U* represent the difference between 
temperature Te at thermal equilibrium and a temperature T during measurement. Upon investigation, it is 
found that U is expressed with good accuracy by the following formula: 

D* « Te - T = t + + C (t+ ) (1) 



70 



where: 

U* : difference between equilibrium temperature and temperature during measurement 
t : time from beginning of measurement 
C : variable parameter 

is ' ' ' : constants in conformance with measurements taken under constant conditions. In particular for 
measurement of body temperature in an armpit, the following holds with good regularity: 



U* = -0.002t + 0.25 + C(t+ir 0 ' 6 <2<C<12) 



(2) 
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where t is measured in seconds and U* in degrees Centigrade. 

When IT in Eq. (2) is replaced by U and the value of the parameter is varied from C = 2 to C = 12 the 

^Zt^nn^^' 4 ^ ?! 1719 f8aS0n f0f rep,adng U ' With U is that * e e < ui,ibrium temperature 
Te corresponds to a pred.cted temperature Tp as far as execution of the prediction process is concerned 

lollSSL COrreCtVG differentia ' " dUrlnQ ^ PrediCti ° n Pr ° C8SS iS 9iven by the 

(J = Tp - T 

= -0.002t +0 .25 + C(t+l)-0-« (2 <C<12) ... (3) 

Figs. A and 5 are flowcharts of an algorithm describing the processing for temperature measurement as 
earned out by, say. the arrangement illustrated in the block diagram of Fig 2 measurement as 

5 ff^^JISTi 0 * P0WSr iS intr ° dUC8d 10 8,6 ^ 10 aCtUa,e temperature measuring circuit 
5 (Fig. 2 upon wh.ch the process moves to a temperature measurement step 101. In this step the siana 

^ofm^TZ^ 9 *™* 5 " m ° nit0red by thS -~nt control J^yfiSK 
'Sdf^ed whether or not a measurement of body temperature is to be performed 
Specifically. ,n step 102. it is decided whether a predetermined temperature say a temper^re of 3 7c' 
hasbeen exceeded. Step 103 decides whether the temperature rise is equal to o"r glTo! ' C fpS 

S^T!o?t2f r T CUted bV ^ meas ~* circuit 7. If an affirmative decision is 

randered ,n both cases, then the process moves to a step 104 for reset start of the time measurement 

n set to a ursr 6 m* incorporated in ,He corrective *£iZ!5£t 

In the embod,ment. C = 7 ,n step 107. Next, step 108 ca„s for setting 0 to a counter N whTch is provided for 
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high probability of the prediction. 

In step 9 flag FLP is reset because prediction has not yet been established and prediction mode (P- 
MODE) is displayed on the display unit 3. Next, step 110 calls for determining whether elapsed time t is in 
excess of a predetermined time tl. Here, the predetermined time tl is defined to be time within which 

5 prediction should be able to be established in the course of ordinary measurement. If it is not judged that 
prediction is established during this predetermined that period, it is judged that the curve shows unstable 
factors, thereby terminating the prediction operation. In view of the characteristics of the temperature rise 
course the predetermined time tl for the measurement in the armpit is 100 seconds, and that for oral 
measurement 70 seconds. Immediately after measurement, such time duration is not sufficient to show a 

10 stable temperature rising curve. A computation of the corrective temperature value within the computing 
circuit 8 is performed, and accordingly, the corrective value signal 18 is delivered to the adding circuit 9. 
Then, the process moves to step 113 to perform the computation that corresponds to Eg.(3). 

The first computation gives as a result a point on the curve marked C = 7 in Figs 6 and 7 and on the 
curve marked C = 7 in Fig. 7. Accordingly, for t = 11 sec, we have U = 1.77 # c. This is applied to the 

15 adding circuit 9 as the corrective value signal 18. 

Adding step 114 calls for the adding circuit 9 to add the real-time temperature signal 14 and the 
corrective value signal 18 and deliver the sum to the predicted temperature monitoring circuit 10 as the 
predicted temperature signal 19. For example, since U = 1.77* C in the present example, and if T(11) = 
34.86 'c. Tp = 36.63* C will be applied to the monitoring circuit 10 by the adding circuit 9 upon performing 

20 the addition Tp = T(11) + U(11). The monitoring circuit 10 will receive two values of the predicted 
temperature Tp at a certain time interval for the same value of C. In a decision step 115. therefore, the 
predicted temperature Tp is investigated for any increase or decrease from one arrival to the next. 

Three decisions are capable of being rendered in step 115 by comparing the change in Tp with a 
certain value a. rf the decision is dTp/dt > a, this indicates that an equilibrium temperature higher than that 

25 predicted at the present time can be expected. Accordingly, the process moves to a step 111 to increase 
the value of the parameter C. 

If the decision is dTp/dt < -a, then this indicates that an equilibrium temperature lower than that predicted at 
the present time can be expected. The process therefore moves to a step 124 to decrease the value of the 
parameter C. For |dTp/dtJ < a, the indication is that the equilibrium temperature predicted at the present 

30 time lies within limits where said temperature can be regarded as being approximately equal to the 
equilibrium temperature predicted previously. Therefore, the selected temperature prediction function is 
deemed to be on the right track for a real-time temperature measurement, and processing moves to step 
1 16 for forming a predicted display temperature. 

In steps 124, 127, the negative feedback control signal 20 from the monitoring circuit 10 is applied to 

35 the corrective value computing circuit 8 to change the parameter C. The value of the new parameter C is 
checked within the computing circuit 8 in accordance with steps 126, 129 and is used as the parameter in 
step 113 for recomputation of the corrective value providing that upper and lower limits are not exceeded, 
i.e. provided that the increased parameter C does not exceed the set upper limit value 12 in decision step 
129. and that the decreased parameter C does not fall below the set lower limit value 2 in decision step 

40 126. 

However, in cases where the parameter C exceeds the upper limit value 12 in decision step 129. and falls 
below the set lower limit value 2 in decision step 126. it is decided that the real-time temprature signal 14 is 
outside predictable limits of the prediction function. In other words, there is no probability of a coincidence 
of the curves drawn by the prediction function and the real-time temperature signal. Curves (a) and (b) is 

45 Fig. 6 depict curves with no probability of coincidence. The curve (a) indicates an equilibrium temperature 
higher than that which it is possible to reach and the curve (b) indicates that an equilibrium temperature 
lower than that which it is possible to reach. In either case, therefore, it is meaningless to display the 
predicted equilibrium temperature, flag FLP is reset in step 122, direct reading mode is indicated on display 
unit 3, and the real-time temperature is displayed in step 123. 

so It should be noted that the curves (a) and (b) should not be restricted to the form depicted in the 
drawing. They may take any form. Whenever decision steps in 126 or 129 make a decision that the curves 
are exceed the conditions, it denies absolutely the possibility of coincidence between the curve and the 
prediction function. Curves (a) and (b) are conceived to show typical curves for which it is impossible to 
perform a prediction of the equilibrium temperature. Therefore, to evaluate the curves (a) and (b) are 

ss equivalent to evaluate any and all temperature rise curves which do not fall within the range of a group of 
standard curves prepared as prediction functions. With regard to a curve (c). no decision has been made 
that it exceeds conditions in step in 126, 129. No decision has thus been made on the possibility of 
coincidence because there remains some possiblity for establishing prediction at that instant. 
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Now, control goes to step 116 and calls for addinq "r to the eountpr n h^,^ , hfi ^ . 
epuilibriurn temperature at two successive sampling instants re tS^^SS 

lempenrom Tp « tour euccista" I I215?f. * .* , ln<to,95 »»'»» equilibrium 

.JET £S£ 3S?£S!S SSXTT 1 * tom •• ™ M 

small, so that the accuracy of the Dredietion i« ch am i„ L~ Z J? 99, 1,16 add "° n value becomes 
prediction is established altn^f *"* mCreaSed 71108 We 030 jud 9 e that the vaiidity of the 

the n^ s r: h r„r^^ «■* p— * as ^ „ 

until the next display step. T^^JTS ES^-T ,? The diSplayed va,ue is Gained 

control by the 'JL^JZSSL ES^^ZZSZ? ? " 
one second. 06 repeated at a predetermined interval of, say, 

is noUe*i^ «" « RB- * *• vaiidity of the predion 

with the skin is ma.nta.ned fTsoT me ol^oro^Tf " P °° r ^ of the ' robe 

situation continues for the first ZL^^^tl^" y '°f S f 0n,act With me re 9 ion - » this kind of 
processing moves to step m^Z^eT^FLG l^lZ Y " * ^ h St9P 1t0 - and 
changed into the direct reading mode because H ™?/ ff ^ be9n Set 71,9 measurement state is 
if the prediction mode is 2*£d ^h^uTmZl^ T**' " e «* temperature even 
confirmed in step 111 proceslirS Z !7 ?^ «rcumstance. When the set of flag FLP is 
predetermined *i fJf^TSU^or ^ T * " * Whether *• ~- 
period T2 is a time period such ^mi ^L? * ° f eX3mp,e ' second Predetermined time 
measurement that no add on value TnJ^T JT^TT *"* PBmd SinCS the ini « a «°" - 
when 8 minutes 30 oT^JuZlm7 m Jt,T\ the add "° n valu » be «>mes 0 

minutes 30 seconds in the w o3 ? fT? 4(16 0389 ° f ■""** measurement, and 6 
reading mode when sucn^ol^ is cha ^ d * the direct 

oral or armpit measurement) 7Z JZfaSSL ZT ? J" 9 to the manner of measurement (i.e. 
time T2 will soon expire and T^TolTLZT^l ***** S0Und is aerated, the 

measurement data. * thS ' ndlCatl ° n ° f the direct reading mode as well as the 

deciivsr ss^ss^T^r* of the parameter c in *»— • 

at about 50 seconds into me oTedicton ™ ? ? the predated temperature will be on the order of 0.1 ' C 
of the parameter ts^T^^S'^^^T V"" *• val " 9 

a in the decision step 110 n^TS^lST^ 5 " ' ^ 124 ° f 128 " Furth9r ' the va,ue of 
diminishes with time. Such an expedient ZSZJLT- 3 ,UnCti ° n 1,19 va,ue whe 'eof 

separating one corrective J££Z£Z iKm TSi ?S « ^ ** *" temp9fature difference 
To compute dTp/dt. obviously'varto" 6 meTods Tr ^co!cZh^" ^ " n * r ^ th9 PaSSa 9 9 of *»• 
Tp separated widely in time, so long as thereTs noSZT « 9 3 mnning aV9ra " or ,hree valu es of 
- case, even when the 
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processing returns to step 115 through the corrective value computation step 113 and adding step 114 for 
computation of Tp. During the repeated execution of this loop, the computation for predicting temperature is 
regarded as following the actual temperature change. Accordingly, the computed value of the predicted 
equilibrium temperature will stabilize and the displayed value thereof will make a smooth and rapid 

5 transition. The corrective value U will follow e.g. the curve C=7 in Fig. 7. 

At time t = 16 sec, the decision rendered in step 115 is dTp/dt > a, after which the process moves to 
step 127 where the parameter C is incremented to 8. On the curve C = 8, we will have U = 1.63* C. If 
T= 35.20 # C at such time, then the result of computation in step 114 will be Tp = 36.83 *C. Now, in 
accordance with step 115, two values of the predicted temperature (i.e. two values taken at a certain time 

10 interval), for the same C ( = 8), are checked. As long as the change in Tp does not exceed a certain value, 
the loop which includes the display step, 121 is stepped through repeatedly, so that a value of Tp in the 
neighborhood of 36.8* C is obtained continuously. As will be described below, weighting at this time is 36%. 
so that the substantial display temprature is lower than 36.8° c. At time t = 53 Sec, the program proceeds to 
the loop decided by dTp/dt > a, so that the curve tracked is indicated by C = 9. Since U = 0.96*c, 

is T = 36.03 "C will now hold, the~result of calculation in step 120 will be Tp = 36.99 "C. As will be described 
below, weighting at this time is 100%, so that the substantial display temperature is 36.99* C. From this 
point onward the prediction of temperature proceeds along the curve C = 9. The value of Tp being rounded 
off is as indicated by the dashed line 200 in Fig. 7. 

Thus, as described hereinabove, body temperature which will prevail at thermal equilibrium is predicted 

20 and displayed substantially continuously. 

In the algorithm illustrated in Figs. 4 and 5, the parameter C is intially set to the value of 7 in step 107. 
By doing so, however, there may be instances where the displayed value diminishes with time, owing to the 
method of processing or the way in which the value of a is selected in the decision step 115 for monitoring 
the predicted temperature. To give the operator a more natural impression of temperature transition, 

25 therefore, C can be set initially to 2 in step 107, so that the displayed value will, in general, rise with the 
passage of time. Thus, parameter selection causes the equilibrium temperature to be rapidly approached 
with respect to elapsed measurement time. 

Figs. 9 and 10, illustrate a change in weighting with respect to elapsed measurement time, in which Fig. 
9 is a graph of weighting set for temperature measurement in an armpit and Fig. 10 is a graph set for 

30 temperature measurement taken orally. These graphs are example of weighting characteristics determined 
statistically and on the basis of experience taking into consideration differences in the thermal equilibrium 
characteristics of the part of the body measured. 

Generally, sensed temperature immediately after the thermometer is contacted with the body exhibits a 
steep temperature variation. The abovementioned add-on value for this portion of the temperature curve is 

35 large in magnitude. Until the prediction function selected is an appropriate one. therefore, the add-on value 
also undergoes a discontinuous and large-scale variation due to the changing of the prediction function. 
Consequently. If the add-on value during this interval of time were added on as is, the predicted 
temperature display would be unstable and difficult to read. Accordingly, until passage of a predetermined 
period of time from the start of measurement, the corrective value computing circuit 8 subjects the add-on 

40 value (corrective value signal 18) obtained to weighting having a linearly increasing characteristic. For 
example, if the temperature measurement is taken in the armpit, then weighting having a slope that will 
raise the add-on value to 100% is applied until 45 seconds elapse from the start of measurement. If the 
temperature measurement is taken orally, then weighting having a slope that will raise the add-on value to 
100% is applied until 30 seconds elapse from the start of measurement. 

45 When the first predetermined time period elapses, the rise in the sensed temperature becomes more 
gentle and the add-on value for this portion of the curve also fails within a suitable range. From this point 
onward, the rapidity at which the prediction converges toward the final temperature and the accuracy of the 
prediction become important factors. Accordingly, when the first predetermined time period elapses, the 
correcting value computing circuit 8 subjects the add-on value (the corrective value signal 18) obtained to 

so 100% weighting until the elapse of a second predetermined time period. This is equivalent to not executing 
weighting processing. By way of example, the fourth predetermined time period is 348 seconds (six 
minutes and 24 seconds) from the start of measurement in case of armpit measurement and 256 sec (four 
minutes and 16 seconds) from the start of measurement in case of oral measurement. 

When the fourth predetermined time period elapses, the sensed temperature itself falls within a range 

55 close to the equilibrium temperature. When this much time has passed, the merits of performing a 
prediction diminish and it is better to shift to a direct display-type function. Accordingly, when the fourth 
predetermined time period elapses, the corrective value computing circuit 8 subjects the add-on value 
(corrective value signal 18) to weighting having a linearly decreasing characteristic until passage of a third 
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device 156. The buzzer 155 is for informing the user of an error condition or of the fact that suitability of a 
prediction has been detected. The display device 156 is for displaying the predicted display temperature. 



5 Effect of the Invention 

In accordance with the invention as described above, predictive calculation are performed quicly and 
effectively if an ordinary temperature rise curve falls within the range of a group of standard curves 
prepared as prediction functions. In case of an unstable temperature rise curve that exhibits a transition not 

10 covered by the group of standard curves, the prediction operation is suspended immediately and the 
actually measured temperature value is dispalyed at such time. This is to prevent obtaining an unreliable 
prediction based on the unstable curve. Accordingly, this makes it possible to indicate the correct body 
temperature value at all times under a wide variety of body temperature measurement conditions. 

As many apparently widely different embodiments of the present invention can be made without 

f5 departinbg from the spirit and scope thereof, it is to be understood that the invention is not limited to the 
specific embodiments thereof except as defined in the appended claims. 



Claims 

20 

1. An electronic clinical thermometer comprising: 

temperature sensing means for sensing body temperature at a prescribed part of a body; 
means for measuring elapsed time from the start of measurement; 

arithmetic means for obtaining a corrective value at that instant utilizing one selected prediction 
25 function at one time from amoung a plurality of the prediction functions in which elapsed measurement 
time is a variable, each function defining a temperature change up to a final; 

predictive calculation means for calculating the equilibrium temperature based upon the obtained 
corrective value and the sensed body temperature at that instant; 

evaluating means for evaluating the possibility of establishing a prediction; 
30 means for altering the measurement mode to a direct reading mode in accordance with the 

evaluation made by the evaluating means; and 

display means for displaying a temperature value obtained through the measurement mode in 
which the thermometer is placed. 

35 2. An electronic clinical thermometer according to claim 1 , wherein the evaluating means evaluates the 
possibility of establishing prediction based upon the magnitude of a parameter emplyoed in the 
prediction operation. 

3. An electronic clinical thermometer according to claim 1, wherein the evaluating means employs the 
40 measured elapsed time as one evaluating element. 

4. An electronic clinical thermometer according to claim 1, wherein the display means further includes 
discriminating means for discriminating the measuring mode in which the thermometer is placed. 



11 



EP 0 413 814 A1 



-CS4 



CM 



to- 




Nouvindi^ioo 

3All03UdO0 



-2 



T 



5 



CO 



LU 

i 



LU 



O 

f- 

2 

o 
u 



1 



I 

< 



to 



CM 



£02 

gig 1 " 



CD 



12 



EP 0 413 814 A1 




( START y i Q0 




CLOCK START 
I 



104 



rn 






YES 


c= 


7 




N = 


= 0 






FLP 


= 0 


P-MODE 



-108 
-109 



F IG. 4 



13 



k 1 

EP 0 413 814 A1 




FIG. 5 



14 




15 



EP 0 413 814 A1 



fi a 7 




0 20 40 "" 60 80 100 

(SEC) 



16 



EP 0 413 814 A1 



fi a 8 




( 30 200 256 383 400 

1 (SEC) 



17 



EP 0 413 814 A1 




EP 0 413 814 A1 



LTD 



ER 


CO 


PLAY 
VICE 


ZZ 


in 


D 




en uj 


CD 


r~- 
eo 


5 o 








K 




to 


2tua: 






§2<0 












Q. X 111 


I W 


V 


Sow 


H 


CO 






19 



INTERNATIONAL SEARCH REPORT 

______ International Application No 



PCT/JP87/00594 



CLASSIFICATION OF SUaUtCT MATTtW (it iwnl deaemcauon symbols apply, indicate all) » 



According to International Patent Claaatflcatlon (IPC) or to both National Classification and IPC 

Int. CI 4 G01K7/00, 7/24 



II. FIELOS SEAHCHfO 



Minimum Documentation Searched * 



Classification System i 



Classification Symbols 



I±>C 



G01K7/00, 7/24 



Documentation Searched other than Minimum Oocumontation 
to tha Extant that such Documents art included in tha Raids Searched « 



Kokai Jitsuyo Shinan Koho 



1971 - 1987 



HI. DOCUMENTS COMSIOIWIP TO It RELEVANT I* 



C«t, fl ory * \ CiUtlon ol Oocumont. " with indication. where appropriate, of the relevant paeaagas » * | Relevant to Claim NoT7«" 



JP, A, 61-70429 (Terumo Kabushiki 1-4 
Kaisha) 

11 April 1986 (11. 04. 86) 
(Family: none) 

JP, A, 58-167932 (Toshiba Corp.) 1-4 
4 October 1983 (04. 10. 83) 
(Family: none) 

JP, U, 60-165832 (Omron Tateisi Electronics 1-4 
Co. ) 

2 November 1985 (02. 11. 85) 
(Family: none) 



• Special categories of cited documents: »• 
"A* document defining the general state or the ad which is not 
considered to be of particular relevance 

" r n*4 t da 3 h? :Um * nr bU< Dub,Wltd °" " afttf international 
"V document which may throw doubts on priority claim(a) or 

Tt£L*J 1 l£Ji£* t f i '» data of another 

citation or other special raeson (as specified) 

"°" ^m^^Ji^^" 9 to * n ^ ^««e«o«a». us*, exhibition or 

cement ouwiahad onor to tha international filing data but 
later than the onontv date claimed * 



r later document published altar the international riling data or 
ononty data and not in conflict with tha application but cried to 
understand the prtncipte or theory underlying the invention 
-X- document of particular relevance: the claimed Invention cannot 
be conaidered novel or cannot be considered to involve an 
inventive step 

-V document of particular relevance; tha claimed Invention cannot 
be considered to involve an inventive step whan the document 
is combined with one or more other such documents, such 
cancelation being obvioua to a person skilled in the art 

"a 1 



IV. CERTIFICATION 

Oate of tha Actual Completion of the International Search • 



! 



October 13, 1987 (13. 10. 87) • 



Date of Milling of thlt IntemttfoiMl Sued) Rtpcrt » 

October 26, 1987 (26. 10. 87) 



International Searching Authority • 

Japanese Patent Office 



Signature of Authonzed Officer to 



Form PCT.ISA^IO/stcond sheet) (October 1977) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



